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We adopt the heavy baryon chiral perturbation theory (HBChPT) to calculate the scattering
lengths of φB
(∗)
cc up to O(p3), where φ is the pseudoscalar mesons. The recoil effect and the mass
splitting between the spin- 1
2
and spin- 3
2
doubly charmed baryons are included. In order to give
the numerical results, we construct the chiral Lagrangians with heavy diquark-antiquark (HDA)
symmetry in a formally covariant approach. Then, we relate the low energy constants (LECs) of the
doubly charmed baryons to those of D(∗) mesons. The LECs for the φD(∗) scattering are estimated
in two scenarios, fitting lattice QCD results and using the resonance saturation model. The chiral
convergence of the first scenario is not good enough due to the the large strange quark mass and
the presence of the possible bound states, virtual states and resonance. The final results for two
scenarios are consistent with each other. The interaction for the [piΞ
(∗)
cc ]
(1/2), [KΞ
(∗)
cc ]
(0), [KΩ
(∗)
cc ]
(1/2),
[ηΞ
(∗)
cc ]
(1/2), [ηΩ
(∗)
cc ]
(0) and [K¯Ξ
(∗)
cc ]
(0) channels are attractive. The most attractive channel [K¯Ξ
(∗)
cc ]
(0)
may help to form the partner states of the D∗s0(2317) (Ds1(2460)) in the doubly heavy sector.
I. INTRODUCTION
The doubly charmed baryon Ξ++cc has been discovered
by LHCb Collaboration recently [1]. The properties and
interaction of doubly charmed baryons attract much at-
tention. The mass spectrum of doubly charmed baryons
has been investigated in Refs. [2–5]. The weak and strong
decays of the doubly charmed baryons have been exten-
sively studied [6–9]. The electromagnetic properties and
radiative decays of the doubly heavy baryons have been
discussed in Refs. [10–14]. The possible bound states
composed of the doubly charmed baryons were investi-
gated in Refs. [15–18].
In the large mass limit, the two heavy quarks in the
doubly baryons tend to form a compact heavy diquark.
The heavy diquark decouples with the light degrees of
freedom, which gives rise to the heavy diquark symme-
try. The diquark in the doubly heavy baryon is in color 3¯
representation. Its color dynamics is the same as the sin-
gle heavy antiquark, if we treat the diquark as a compact
object. In this way, the doubly heavy diquark can be re-
lated to a singly heavy antiquark [19]. We will refer this
symmetry as the heavy diquark-antiquark (HDA) sym-
metry. The domain of the validity of the symmetry were
discussed a decade ago in Ref. [20]. With this symmetry,
the doubly charmed baryons were related to the charmed
mesons. The Ξ
(∗)
cc and the Ω
(∗)
cc are analogous to the D¯(∗)
and D¯
(∗)
s , respectively. Hu et al. constructed the chiral
Lagrangian with the HDA symmetry and predicted the
radiative decays of the doubly charmed baryons with the
properties of the D mesons as input [21].
D∗s0(2317) and Ds1(2460) are charmed-strange mesons
in the (0+, 1+) doublet [22, 23]. Their masses are much
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lower than the quark model predictions (for a recent re-
view, see Ref. [24]). The S-wave DK and D∗K channels
may play an important role on lowering their masses [25–
28]. The scattering lengths of the D(s)φ and D
∗
(s)φ
have been obtained in the chiral perturbation theory
(ChPT)[29–33] or lattice QCD simulations [28, 34–37].
Considering the HDA symmetry, it is natural to ex-
tend the calculation of scattering lengths to the B
(∗)
cc φ
channels, where Bcc and B
∗
cc are the spin-
1
2 and spin-
3
2 doubly charmed baryons, respectively. The study of
the scattering lengths may give some clues to the possi-
ble bound states of the B
(∗)
cc φ systems. In Ref. [18], the
leading-order scattering lengths of the Bccφ systems are
calculated in the chiral effective field theory. In Ref. [4], a
set of negative-parity spin-1/2 doubly charmed baryons
are predicted from a unitarized version of ChPT com-
bining with HDA symmetry. In this work, we calcu-
late the scattering lengths of the Bccφ and B
∗
ccφ in the
heavy baryon chiral perturbation theory (HBChPT) to
the next-to-next-to-leading order. We extend the for-
malism of the heavy quark symmetry [38] to the HDA
symmetry. The Lagrangians with the HDA symmetry
are constructed in a relatively covariant form. The nu-
merical results of scattering lengths are given with the
HDA symmetry.
The paper is organized as follows. In Sec. II, we list the
HBChPT Lagrangians involved. With the Lagrangians,
we present the analytical expressions of the T -matrices
at thresholds. In Sec. III, we reconstruct the Lagrangians
with the HDA symmetry. The low energy constants
(LECs) for the doubly charmed baryons are related to
those for the charmed mesons. In Sec. IV, we present
the numerical results in two scenarios. We give a brief
discussion and conclusion in Sec. V. We give the details
about the superfields and integrals in Appendixes B and
A.
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2II. T -MATRICES AT THRESHOLDS
The scattering length aφB can be derived from the T -
matrix at threshold,
Tth = 4pi
Å
1 +
mφ
mB
ã
aφB . (1)
The tree diagrams may contribute to the scattering
lengths are shown in Fig. 1. The loop diagrams con-
tributing to the scattering lengths at O(p3) are shown
in Fig. 2. Since the spin- 12 and spin-
3
2 doubly charmed
baryons are degenerate in the heavy diquark limit, we
include both of them as the intermediate states.
In order to calculate the scattering lengths, we con-
struct the chiral Lagrangians order by order. The pseu-
doscalar mesons can be expressed as,
φ(x) =
à
pi0 + 1√
3
η
√
2pi+
√
2K+
√
2pi− −pi0 + 1√
3
η
√
2K0
√
2K−
√
2K¯0 − 2√
3
η
í
. (2)
The leading order chiral Lagrangian of pseudoscalar
mesons reads,
L(2)φφ =
F 20
4
Tr[∂µU(∂
µU)†] +
F 20
4
Tr[χU† + Uχ†], (3)
with
U = u2 = exp(iφ/F0),
χ = diag(m2pi,m
2
pi, 2m
2
K −m2pi), (4)
where F0 is the pion decay constant in the chiral limit.
The ground spin- 12 and spin-
3
2 doubly charmed baryons
form two triplets in the SU(3) symmetry,
B =
à
Ξ++cc
Ξ+cc
Ω+cc
í
, B∗µ =
à
Ξ∗++cc
Ξ∗+cc
Ω∗+cc
íµ
, (5)
where B and B∗ are the spin- 12 and spin-
3
2 triplets, re-
spectively. In order to construct the Lagrangians of
heavy baryons, we define some “building blocks”,
uµ =
i
2
[u†∂µu− u∂µu†], (6)
Γµ =
1
2
[u†∂µu+ u∂µu†], (7)
χ± = u†χu† ± uχ†u. (8)
The leading order Lagrangian for the doubly heavy
baryons is
L(1)Bφ = B¯iv ·DB − B¯∗µ(iv ·D − δ)B∗µ + 2g1B¯(S · u)B
+2g2B¯∗µ(u · S)B∗µ + g3(B¯∗µuµB + B¯uµB∗µ). (9)
where B and B∗ are the doubly heavy baryon fields after
heavy baryon reduction. The relativistic Lagrangian for
doubly heavy baryon can be found in Ref. [39]. In Eq. (9),
vµ = (1, 0, 0, 0) is the baryon velocity. Dµ = ∂µ+Γµ is the
chiral covariant derivative. δ = M∗−M is the mass split-
ting between spin- 12 and spin-
3
2 doubly charmed baryons.
Sµ = i2γ5σ
µνvν is the spin matrix. g1,2,3 are the axial
coupling constants.
At the leading order, only the Weinberg-Tomozawa
terms (the contact terms from the chiral connection) con-
tribute to the scattering lengths through the tree diagram
(a) in Fig. 1. The leading order vertices in the tree dia-
grams (b) and (c) in Fig. 1 arise from the axial coupling
terms. These diagrams do not contribute to the scat-
tering lengths at the leading order due to the vanishing
structures k ·S, kµkνPµν , and B¯∗µkµ at threshold, where
Pµν = gµν − vµvν + 4d−1SµSν is the projection opera-
tor of Rarita-Schwinger field B∗µ. kµ = (mφ, 0) is the
momentum of φ at threshold.
(a) (b) (c)
FIG. 1. The tree diagrams contributing to the scattering
lengths. The single solid lines represent either the spin- 1
2
or
the spin- 3
2
doubly charmed baryons. The double solid lines
represent both the spin- 1
2
and the spin- 3
2
doubly charmed
baryons.
The O(p2) Lagrangian contributing to the scattering
lengths for the doubly charmed baryons reads:
L(2)Bφ = a0B¯Tr[χ+]B + a1B¯χ+B − a2B¯Tr[(u · v)2]B
−a3B¯(u · v)2B + a′0B¯∗µTr[χ+]B∗µ + a′1B¯∗µχ+B∗µ
−a′2B¯∗µTr[(u · v)2]B∗µ − a′3B¯∗µ(u · v)2B∗µ, (10)
where a1−4 and a′1−4 are the LECs for the spin-
1
2 and
spin- 32 doubly charmed baryons, respectively. At O(p2),
there are recoil terms derived from the leading order La-
grangian after heavy baryon expansion,
L(2,r.c)Bφ = −
g21
2M
B¯(v · u)2B + g
2
2
2M
B¯∗µ(v · u)2B∗µ, (11)
where the superscript “r.c” denote the recoil effect. The
Lagrangians in Eqs. (10) and (11) contribute the scat-
tering lengths through tree diagram (a) in Fig. 1. At this
order, one may also construct some BB∗φ vertices as in
the discussion of the pion-nucleon interaction in Ref. [40],
which appear in the tree diagrams (b) and (c) in Fig. 1.
For instance,
L(2)BB∗φ ∼ iB¯∗µ(∂µuν)vνB + h.c.. (12)
However, these terms do not contribute to the Bccφ and
B∗ccφ scattering lengths due to the vanishing structures
B¯∗µkµ and kµkνPµν .
3At O(p3), many terms contribute to the scattering
lengths [41]. In this work, we only keep the nonvanishing
terms in the heavy diquark limit,
L(3)Bφ = κ˜B¯[χ−, v · u]B + κ˜′B¯∗µ[χ−, v · u]B∗µ, (13)
where κ˜ and κ˜′ are LECs. At this order, the recoil terms
read,
LBφ(3,r.c) = g
2
1
4M2
B¯(v · u)(iv ·D)(v · u)B
− g
2
2
4M2
B¯∗µ(v · u)(iv ·D + δ)(v · u)B∗µ. (14)
A. φBcc scattering
There are eleven isospin-independent scattering
lengths for the φBcc. Some of them can be related to
the others using the crossing symmetry. Only eight scat-
tering lengths are independent. We list their analytical
expressions of the threshold T -matrices order by order.
The chiral orders are distinguished by the square bracket,
which are labeled as superscripts. The analytical results
without recoil effect read,
T
(3/2)
piΞcc
=
ï
− mpi
2F 2pi
ò(1)
+
ï
−A1m
2
pi
2F 2pi
ò(2)
+
ï−4κ˜m3pi
F 2pi
− 1
16
V (m2pi,mpi)−
3
16
V (m2pi,−mpi)−
1
16
V (m2K ,−mpi)
−m2piW1(mpi) +
1
9
m2piW1(mη)
ò(3)
,
T
(1/2)
piΞcc
=
ï
mpi
F 2pi
ò(1)
+
ï
−A1m
2
pi
2F 2pi
ò(2)
+
ï
8κ˜m3pi
F 2pi
− 1
4
V (m2pi,mpi)−
3
32
V (m2K ,mpi) +
1
32
V (m2K ,−mpi)
−m2piW1(mpi) +
1
9
m2piW1(mη)
ò(3)
,
T
(1)
piΩcc
= [0]
(1)
+
ï
− (A1 +A0)m
2
pi
4F 2pi
ò(2)
+
ï
0− 1
16
V (m2K ,mpi)−
1
16
V (m2K ,−mpi) +
4
9
m2piW1(mη)
ò(3)
,
T
(1)
KΞcc
=
ï
−mK
2F 2K
ò(1)
+
ï
−A1m
2
K
2F 2K
ò(2)
+
ï−4κ˜m3K
F 2K
− 1
16
V (m2K ,mK)−
1
32
V (m2pi,−mK)−
1
8
V (m2K ,−mK)
− 3
32
V (m2η,−mK)−
2
9
m2KW1(mη)−
2
3
m2KU1
ò(3)
,
T
(0)
KΞcc
=
ï
mK
2F 2K
ò(1)
+
ï
−A0m
2
K
2F 2K
ò(2)
+
ï
4κ˜m3K
F 2K
− 1
16
V (m2K ,mK)−
3
32
V (m2pi,−mK) +
1
8
V (m2K ,−mK)
+
3
32
V (m2η,−mK)−
2
9
m2KW1(mη) + 2m
2
KU1
ò(3)
,
T
(1/2)
KΩcc
=
ï
mK
2F 2K
ò(1)
+
ï
−A1m
2
K
2F 2K
ò(2)
+
ï
4κ˜m3K
F 2K
− 3
32
V (m2pi,mK)−
1
16
V (m2K ,mK)−
3
32
V (m2η,mK)
− 1
16
V (m2K ,−mK)−
8
9
m2KW1(mη)
ò(3)
,
T
(1/2)
ηΞcc
= [0]
(1)
+
ñ
− (2A1 +A0)m
2
η
6F 2η
+
2a1(m
2
η −m2pi)
3F 2η
ô(2)
+
ï
0− 3
32
V (m2K ,mη)−
3
32
V (m2K ,−mη)
+m2piW1(mpi)−
4
3
m2KW1(mK)−
1
9
m2piW1(mη) +
4
9
m2ηW1(mη)
ò(3)
,
T
(0)
ηΩcc
= [0]
(1)
+
ñ
− (7A1 −A0)m
2
η
12F 2η
− 4a1(m
2
η −m2pi)
3F 2η
ô(2)
+
ï
0− 3
16
V (m2K ,mη)−
3
16
V (m2K ,−mη)
− 8
3
m2KW1(mK)−
4
9
m2piW1(mη) +
16
9
m2ηW1(mη)
ò(3)
, (15)
43
− g
2
5
8M20
Tr[B¯∗6v · u(iv ·D + δ3)v · uB∗6 ]−
g25
8M20
B¯∗ab6 v · u ca (iv ·D + δ3)v · u db B∗6,cd. (7)
We neglect the contributions from the finite counter-term part at O(3) as in Refs. [? ? ], and cancel the divergences
of the loop diagrams with the following infinite part
L(3,c)Bφ =
3
4f2
LTr
[
B¯3¯[v · u, χ˜−]B3¯
]− (5αg22δ2
2f2
− 5βg
2
4δ3
8f2
)LTr[B¯3¯χ˜+B3¯] + (
10αg22δ2
3f2
− 5βg
2
4δ3
6f2
)LTr[B¯3¯v · u v · uB3¯]
−(32αg
2
2δ2
3f2
− 8βg
2
4δ3
3f2
)LB¯ab3¯ v · u ca v · u db B3¯,cd
+
3
2f2
LTr
[
B¯6[v · u, χ˜−]B6
]
+ (
αg22δ2
f2
+
7βg23δ1
24f2
)LTr[B¯6χ˜+B6] + (
4αg22δ2
f2
+
5βg23δ1
2f2
)LTr[B¯6v · u v · uB6]
+(
8αg22δ2
f2
− βg
2
3δ1
f2
)LB¯ab6 v · u ca v · u db B6,cd − (
4αg22δ2
3f2
+
11βg23δ1
18f2
)LTr[B¯6B6]Tr[v · u v · u]
− 3
2f2
LTr
[
B¯∗6 [v · u, χ˜−]B∗6
]
+ (
7g23δ1
24f2
+
g24δ3
4f2
)LTr[B¯∗6 χ˜+B
∗
6 ] + (
5g23δ1
2f2
+
g24δ3
f2
)LTr[B¯∗6v · u v · uB∗6 ]
−(g
2
3δ1
f2
− 2g
2
4δ3
f2
)LB¯∗ab6 v · u ca v · u db B∗6,cd − (
11g23δ1
18f2
+
g24δ3
3f2
)LTr[B¯∗6B
∗
6 ]Tr[v · u v · u], (8)
where in the D dimensional space-time,
α = S2 = −3/4− (D − 4)/4, β = P 3/2µµ = 2 + (D − 4), L =
λD−4
16pi2
ß
1
D − 4 +
1
2
(γE − 1− ln 4pi)
™
, (9)
P
3/2
µν is the projection operator for the Rarita-Schwinger field, γE = 0.5772157 is the Euler constant, λ = 4pif is the
energy scale.
The scattering length aφB is related to the threshold T -matrix TφB by TφB = 4pi(1 +mφ/mB)aφB . At the leading
order, only the BBφφ-vertex from the contact terms in L(1)Bφ contributes to the T -matrices at the threshold. At the
second order, the corresponding BBφφ-vertex of L(2)Bφ contributes. At the third order, in addition to the contribution
of L(3,r/c)Bφ , the T -matrices also receive the contribution from the loop diagrams consisting of the vertices in the leading
order Lagrangian.
The nonvanishing loop diagrams are shown in Fig. ??. Since there is no vertex like B3¯B6φφ at the leading order,
the charmed baryons in different representations do not appear in the diagrams (I) as intermediate states. But they
appear in the diagrams (II) through the axial coupling.
FIG. 1: Nonvanishing loop diagrams for the pseudoscalar meson and charmed meson scattering lengths to O(3) with HBχPT.
The dashed lines represent the pseudoscalar Goldstone bosons. Both the thin solid lines and thick solid lines represent charmed
baryons. The internal thin solid lines represent the charmed baryons in the same representation as the external baryons while
the internal thick solid lines represent all possible charmed baryons.
We calculate the loop diagrams with dimensional regularization and the modified minimal subtraction scheme. We
use the LECs in Eq. (??) to cancel the divergence. At last we express the T -matrices in terms of fφ rather than f
with the help of their relation in Refs. [? ? ].
(a) (b) (c) (g) (h) (i)
(j) (k) (l)(d) (e) (f)
FIG. 2. The loop diagrams contributing to the scattering lengths at O(p3). The loops (a)-(f) in the left panel do not contain
the axial vertices. The loops (g)-(l) contain two axial vertices. The dashed lines represent the pseudoscalar mesons. The single
solid lines represent either the spin- 1
2
or the spin- 3
2
doubly charmed baryons. The double solid lines represent both the spin- 1
2
and the spin- 3
2
doubly charmed baryons.
where the functions V , W1 and U1 are defined in Ap-
pendix A. In order to get the concise expressions, we
have used the Gell-Mann-Okubo relation, m2η = (4m
2
K −
m2pi)/3. We define the A0 and A1 as
A1 ≡ 8a0 + 4a1 + 2a2 + a3,
A0 ≡ 8a0 − 4a1 + 2a2 − a3. (16)
There are six independent LECs in Eq. (15), g1, g3, A0,
A1, a1 and κ˜ to be determined.
The contribution from the recoil terms in Eqs. (11) and
(14) reads,
T
(3/2,r.c)
piΞcc
= [0]
(1)
+
ï
− g
2
1m
2
pi
4MF 2pi
ò(2)
+
ï
g21m
3
pi
8M2F 2pi
ò(3)
,
T
(1/2,r.c)
piΞcc
= [0]
(1)
+
ï
− g
2
1m
2
pi
4MF 2pi
ò(2)
+
ï
− g
2
1m
3
pi
4M2F 2pi
ò(3)
,
T
(1,r.c)
piΩcc
= [0]
(1)
+ [0]
(2)
+ [0](3),
T
(1,r.c)
KΞcc
= [0]
(1)
+
ï
− g
2
1m
2
K
4MF 2K
ò(2)
+
ï
g21m
3
K
8M2F 2K
ò(3)
,
T
(0,r.c)
KΞcc
= [0]
(1)
+
ï
g21m
2
K
4MF 2K
ò(2)
+
ï
− g
2
1m
3
K
8M2F 2K
ò(3)
,
T
(1/2,r.c)
KΩcc
= [0]
(1)
+
ï
− g
2
1m
2
K
4MF 2K
ò(2)
+
ï
− g
2
1m
3
K
8M2F 2K
ò(3)
,
T
(1/2,r.c)
ηΞcc
= [0]
(1)
+
ñ
− g
2
1m
2
η
12MF 2η
ô(2)
+ [0](3),
T
(0,r.c)
ηΩcc
= [0]
(1)
+
ñ
− g
2
1m
2
η
3MF 2η
ô(2)
+ [0](3). (17)
With the eight independent T -matrices, the others can
be obtained through crossing symmetry,
T
(1/2)
K¯,Ωcc
= [T
(1/2)
K,Ωcc
]mK→−mK ,
T
(1)
K¯Ξcc
=
1
2
[T
(1)
KΞcc
+ T
(0)
KΞcc
]mK→−mK ,
T
(0)
K¯Ξcc
=
1
2
[3T
(1)
KΞcc
− T (0)KΞcc ]mK→−mK . (18)
B. φB∗cc scattering
The calculation of the φB∗cc scattering lengths is very
similar. The T -matrices without the recoil effect are ob-
tained by making the replacements as follows,
W1 →W2, U1 → U2, κ˜→ −κ˜′,
ai → −a′i, Ai → A′i, (19)
with
A′1 ≡ 8a′0 + 4a′1 + 2a′2 + a′3,
A′0 ≡ 8a′0 − 4a′1 + 2a′2 − a′3. (20)
The contribution of the recoil effect is obtained by mak-
ing the replacements,
g21 → g22 , M →M∗. (21)
III. CHIRAL LAGRANGIAN WITH HEAVY
DIQUARK-ANTIQUARK SYMMETRY
In the analytical expressions of the T -matrices in
Sec. II, there are eleven unknown LECs, g1−3, A0,1, A′0,1,
a1, a
′
1, κ˜ and κ˜
′. In the heavy diquark limit, the LECs
associated with Bcc can be related to those of B
∗
cc. More-
over, the HDA symmetry can relate the LECs associated
with doubly charmed baryons to those of D(∗) mesons,
which have been determined in Refs. [29, 30].
In the following, we extend the formalism of the heavy
quark symmetry [38] to the doubly heavy systems. The
5doubly charmed baryons in the heavy diquark limit can
be expressed as
ψµcc ∼ ulAµh, (22)
where ul is the spinor of the light quark. A
µ
h is the heavy
diquark. The light and heavy components satisfy that
/vul = ul, v ·A = 0. (23)
We can construct the superfield and its conjugation,
ψµcc = B∗µ +
…
1
3
(γµ + vµ)γ5B,
ψ¯µcc = B¯∗µ −
…
1
3
B¯γ5(γµ + vµ) (24)
The construction details are given in Appendix B. One
notices that the superfield for doubly charmed baryons
with the heavy diquark symmetry have the same form as
that of singly charmed sextet baryons [38, 42]. However,
they contain the different constituents. The superfield of
singly heavy baryon can be represented as
ψµc ∼ uhAµl . (25)
Thus, for the singly charmed baryons, the Lagrangian
with heavy quark spin symmetry should have the form
L ∼ ψ¯µc (ΓhGlµν)ψνc ∼ (u¯hΓhuh)(A∗µl GlµνAνl ), (26)
where we divide the structure between the superfields
into the Γh in spinor space and Glµν in Lorentz space.
The Γh and Glµν are finally act on the heavy part and the
light part in the superfield, respectively. Their subscripts
denote the degrees of freedom they act on. The heavy
quark symmetry constrains that Γh should not flip the
spin of the heavy quark. For the doubly charmed baryon,
L ∼ ψ¯µcc(ΓlGhµν)ψνcc ∼ (u¯lΓlul)(A∗µh GhµνAνh). (27)
The structure in spinor space Γl and the structure in
Lorentz space Ghµν will act on the light and heavy de-
grees of freedom, respectively. The heavy diquark sym-
metry has no constraint on Γl, but the Ghµν should not
change the polarization of the heavy diquark. Thus, the
Lagrangian with the form ψ¯µccψccµ ∼ A∗µh Ahµ guaran-
tees the heavy diquark symmetry. With the superfield
ψµ (we omit the subscript “cc” in the following), we can
construct the Lagrangian with the heavy diquark sym-
metry and relate the LECs for spin- 12 doubly charmed
baryons to those for spin- 32 ones.
Since the doubly charmed baryons (ccq) and singly
charmed antimesons (c¯q) have the same light degree of
freedom, they respond to the chiral transformation in the
same way. With the HDA symmetry, their LECs can be
related to each other.
We notice that the superfield H was introduced in
Refs. [29, 30, 38] to denote the D and D∗ mesons in
the heavy quark limit,
H =
1 + /v
2
(
P ∗µγ
µ + iPγ5
)
,
H¯ = γ0H†γ0 =
(
P ∗†µ γ
µ + iP †γ5
) 1 + /v
2
,
P = (D0, D+, D+s ), P
∗
µ = (D
∗0, D∗+D∗+s )µ. (28)
In the heavy quark limit, the field P or P ∗µ only contains
the operator annihilating a meson with c quark. They
can not create an antimeson with c¯ quark. In order to
describe the (c¯q) type antimesons, the H˜ is defined by [43]
H˜ = C[CHC−1]TC−1, (29)
where C = iγ2γ0. The details about charge conjugation
of the field operators and building blocks are given in Ap-
pendix B. Thus the explicit form of H˜ and its conjugation
read
H˜ = (P˜µγ
µ + iP˜ γ5)
1− /v
2
,
¯˜H =
1− /v
2
(P˜ ∗†µ γ
µ + iP˜ †γ5),
P˜ = (D¯0, D−, D−s )
T , P˜µ = (D¯
∗0, D∗−, D∗−s )
T .(30)
The H and H˜ can be represented by their quark compo-
nents as
H ∼ uhv¯l, H˜ ∼ ulv¯h. (31)
The general Lagrangian for the H˜ can be written as
L ∼ u¯lΓlulv¯hΓhvh = 〈vhu¯lΓlulv¯hΓh〉 ∼ 〈 ¯˜HΓlH˜Γh〉,
(32)
where 〈...〉 denotes the trace of the spinor indices. The
heavy quark spin symmetry has constraint on the Γh but
not on the Γl.
In the heavy quark (diquark) symmetry, the heavy
quark (diquark) can be regarded as the spectator. Thus,
Ghµν = gµν in Eq. (27) and Γh = 1 in Eq. (32). In the
HDA symmetry, the light degrees of freedom in Eqs. (27)
and (32) have the same dynamics. Thus, the Γls in
Eqs. (27) and (32) are the same. Here we choose the
proper normalization of fields to make the Lagrangians
for doubly charmed baryons and charmed antimesons
share the same LECs. We write the charge conjugation
of heavy meson Lagrangians in Refs. [29, 30] first. The
Lagrangians of doubly charmed baryons in the HDA sym-
metry are followed,
L(1)
H˜φ
= −〈 ¯˜Hiv ·DH˜〉+ g〈 ¯˜Huµγµγ5H˜〉, (33)
L(1)ψφ = −ψ¯µiv ·Dψµ + gψ¯µu · γγ5ψµ; (34)
L(2)
H˜φ
= c0〈 ¯˜HH˜〉Tr(χ+) + c1〈 ¯˜Hχ+H˜〉
− c2〈 ¯˜HH˜〉Tr(v · uv · u)− c3〈 ¯˜Hv · uv · uH˜〉, (35)
L(2)ψφ = c0ψ¯µψµTr(χ+) + c1ψ¯µχ+ψµ
− c2ψ¯µψµTr(v · uv · u)− c3ψ¯µv · uv · uψµ; (36)
L(3)
H˜φ
= −κ ¯˜H[χ−, v · u]H˜, (37)
L(3)ψφ = −κψ¯µ[χ−, v · u]ψµ. (38)
6Comparing these Lagrangians with those in Eqs. (9) and
(10), we get the relations among these LECs,
g1 =
1
3g, g2 = g, g3 = 2
»
1
3g, ai = −a′i = −ci,
Ai = −A′i = −Ci, κ˜ = −κ˜′ = κ. (39)
where Ci are defined as,
C1 ≡ 8c0 + 4c1 + 2c2 + c3,
C0 ≡ 8c0 − 4c1 + 2c2 − c3. (40)
IV. NUMERICAL RESULTS AND
DISCUSSIONS
With the heavy quark symmetry, heavy diquark sym-
metry and HDA symmetry, the scattering lengths of the
φB
(∗)
cc and φD(∗) have very simple relations. In the heavy
quark symmetry, the masses splitting between D and D∗
vanishes. In the heavy diquark limit, the Bcc and B
∗
cc are
also degenerate states and recoil effect vanishes. In these
limits, we compare our analytical results with those in
Refs. [29, 30],
TφBcc = TφB∗cc =
1
2TφD¯ =
1
2TφD¯∗ , (41)
Tφ¯D = TφD¯, Tφ¯D∗ = TφD¯∗ , (42)
where the relations in Eq. (42) are manifestation of the
charge conjugation invariance. Their scattering lengths
are related as,
aφBcc = aφB∗cc = aφ¯D = aφ¯D∗ . (43)
With the HDA symmetry, the heavy quark in the heavy
meson and the heavy diquark in the doubly charmed
baryon are both spectators. The light pseudoscalar
mesons only interact with the light quark. Thus, their
scattering lengths as physical observables are the same.
In the calculation of scattering lengths of φD, the DDφ
vertices are forbidden since the parity and angular mo-
mentum conservation. Thus, the loop diagrams with in-
termediate D mesons vanish. However, in the calcula-
tion of other scattering lengths, the doublet in the heavy
quark (diquark) limit should both be considered as the
intermediate states.
In the following, we will use the LECs of the φD(∗)
scattering in Refs. [29, 30] to perform numerical analysis.
The hadrons masses and the decay constants involved are
as follows [44, 45],
mpi = 139 MeV, mK = 494 MeV, mη =
√
4m2
K
−m2pi
3 ,
Fpi = 92 MeV, FK = 113 MeV, Fη = 1.2FK ,
mΞcc = 3621MeV, mΩcc = 3727 MeV, δ = 150 MeV
mΞ∗cc = mΞcc + δ, mΩ∗cc = mΩcc + δ. (44)
Since only the Ξ++cc has been observed in experiment, the
masses of other doubly charmed baryons are obtained
from the relativistic quark model [44]. We use the λ =
4piFpi. The c1 is obtained from the mass splitting between
heavy mesons,
c1 =
1
16
M2Ds −M2D +M2D∗s −M2D∗
M(m2K −m2pi)
= 0.12 GeV−1.
(45)
The axial coupling constants g = 0.59 was determined
from the decay width of D∗+ [46]. The g1−3 can be re-
lated to the g.
With the g coupling constant, we can calculate the
numerical results of the recoil effect, which are given in
Table I. One can see that the recoil effect is extremely
small. In the following calculation, we neglect the recoil
effect. The mass splitting δ only occurs at the O(p3)
loop diagrams. In Table II, we present the numerical
results of the O(p3) loop diagrams for δ = 150 MeV and
δ = 0 MeV, respectively. One can see that the effect
of the mass splitting is not significant. In the following
calculation, we fix δ = 150 MeV.
A. Scenario I
We use two scenarios to determine the other LECs. In
the first scenario, three unknown LECs, C0, C1 and κ
are determined by fitting the lattice QCD results of the
φD scattering lengths. In Ref. [30], the authors adopted
the preliminary lattice QCD simulation results [47]. We
update the fitting with the new lattice QCD results [34].
In Ref. [34], the authors gave the scattering lengths of five
channels. We choose three of them, a
(3/2)
piD = −0.10 fm,
a
(1)
piDs
= −0.002 fm and a(1/2)KDs = −0.18 fm as input. The
others can be used to estimate the uncertainty of our
calculation. We get
C0 = 0.81(30)GeV
−1, C1 = 3.98(20)GeV−1,
κ = 0.55(7)GeV−2. (46)
The updated results of the φD scattering are given in Ta-
ble III. The T -matrices and scattering lengths of the φBcc
and φB∗cc are listed in Table IV. The errors in Eq. (46)
and Tables III and IV arise from the uncertainties of our
inputs. We vary the inputs in the range of their uncer-
tainties and obtain the errors of numerical results. The
errors related to truncating the perturbative expansion
are not included.
Our results in scenario I show good convergence of the
chiral expansion for the channels in which only pions and
D or Ξ∗cc are involved. For the channels involving η,
though the leading order contributions vanish, the next-
to-leading order and the next-to-next-to leading order re-
sults also show good chiral convergence. In the channels
involving the strange particles the convergence tends to
be bad. The chiral symmetry is an approximate symme-
try when the light quark mass goes to zero. For the u and
d quarks, the chiral symmetry is a good approximation
since their masses are very small. The s quark mass is
about 100 MeV, which will worsen the chiral convergence.
7TABLE I. The recoil correction to the T -matrices. The superscript denotes the isospin of this channel. R = |r.c/Re(T )|, where
r.c is the recoil effect.
Recoil effect T
(3/2)
piΞcc
T
(1/2)
piΞcc
T
(1)
piΩcc
T
(1)
KΞcc
T
(0)
KΞcc
T
(1/2)
KΩcc
T
(1/2)
ηΞcc
T
(0)
ηΩcc
O(p2) (×10−2fm) -0.1 -0.1 0.0 -1.0 1.0 -1.0 0.3 -1.2
RO(p2) (%) 0.08 0.02 0.00 0.28 0.08 0.06 0.06 0.15
O(p3)(×10−5fm) 2.3 -4.6 0.0 68.5 68.5 68.5 0.0 0.0
RO(p3) (%) <0.01 <0.01 0.00 0.09 0.03 0.02 0.00 0.00
TABLE II. The numerical results of O(p3) loop diagrams for δ = 150 MeV and δ = 0 MeV, respectively.
δ = 150 MeV δ = 0 MeV δ = 150 MeV δ = 0 MeV
T
(3/2)
piΞcc
−0.47 −0.49 T (3/2)piΞ∗cc −0.53− 0.01i −0.49
T
(1/2)
piΞcc
0.31 0.30 T
(1/2)
piΞ∗cc
0.25− 0.01i 0.30
T
(1)
piΩcc
−0.56 −0.56 T (1)piΩ∗cc −0.56 −0.56
T
(1)
KΞcc
−3.08 −3.08 T (1)KΞ∗cc −3.11− 0.003i −3.08
T
(0)
KΞcc
3.74 3.75 T
(0)
KΞ∗cc
3.84 + 0.001i 3.75
T
(1/2)
KΩcc
1.46 + 4.16i 1.49 + 4.16i T
(1/2)
KΩ∗cc
1.48 + 4.16i 1.49 + 4.16i
T
(1/2)
ηΞcc
0.23 + 1.51i 0.24 + 1.51i T
(1/2)
ηΞ∗cc
0.24 + 1.52i 0.24 + 1.51i
T
(0)
ηΩcc
0.03 + 3.03i 0.02 + 3.03i T
(0)
ηΩ∗cc
0.003 + 3.03i 0.02 + 3.03i
T
(1)
K¯Ξcc
−0.77 + 2.78i −0.76 + 2.77i T (1)
K¯Ξ∗cc
−0.73 + 2.77i −0.76 + 2.77i
T
(0)
K¯Ξcc
4.48 4.48 T
(0)
K¯Ξ∗cc
4.38− 0.001i 4.48
T
(1/2)
K¯Ωcc
−2.39 −2.36 T (1/2)
K¯Ω∗cc
−2.37 −2.36
To some extent, the worse chiral convergence for the
channels involving the strange particles is not strongly
related to the uncertainties of the unknown LECs. We
take the φD scatterings as an example. There are no
unknown LECs in the leading order T -matrices and the
LECs of the O(p3) loop diagrams are all determined by
fitting the experimental data. As shown in Table III, the
O(p3) loop contribution is much smaller than the leading
order T-matrices for the piD channels. However, in some
channels with strange particles, the O(p3) loop contribu-
tions are either comparative with or even larger than the
leading order results.
B. Scenario II
In Ref. [30], the φD∗ scattering lengths are investi-
gated. The LECs are obtained using the resonance satu-
ration model. The resonances such as the scalar singlet
σ(600), scalar octet, κ(800), a0(980), f0(980) and the
Ds1(2460) are used to estimate the φφD
∗D∗ vertex at
threshold. In the second scenario, we use these LECs in
Ref. [30] directly,
c0 = 0.10GeV
−1, c1 = 0.12GeV−1, c2 = −0.30GeV−1,
c3 = 0.42GeV
−1, κ = −0.33GeV−2. (47)
The T -matrices and scattering lengths are listed in Ta-
ble V. The resonance saturation model will bring the un-
certainties to LECs. In Ref. [30], the authors show that
the uncertainties of their LECs are from 20% to 60%.
In this work, we assume all LECs have the uncertainty
40% and estimate the errors of scattering length in Ta-
ble V. The errors related to truncating the perturbative
expansion are not included.
We notice that the chiral convergence in scenario II is
good for most of the channels. The LECs we obtained
in scenario II is more natural than those in scenario I,
which will be discussed in the next subsection.
8TABLE III. The T -matrices and scattering lengths of the φD scattering (in units of fm), which are updated results in Ref. [29].
The superscript “†” denotes the input from the lattice QCD results.
O(p1) O(p2) O(p3) loop O(p3) tree O(p3) Total Scattering length lattice QCD [34]
T
(3/2)
piD −3.2 1.8 −1.0 −0.3 −1.3 −2.7 −0.100(2) −0.100(2)†
T
(1/2)
piD 6.4 1.8 0.6 0.6 1.1 9.4 0.35(1)
T
(1)
piDs
0.0 1.1 −1.1 0.0 −1.1 −0.1 −0.002(1) −0.002(1)†
T
(1)
K¯D
−7.6 15.0 −6.2 −8.2 −14.4 −7.0 −0.22(1) −0.20(1)
T
(0)
K¯D
7.6 3.0 7.5 8.2 15.7 26.4 0.84(2) 0.84(15)
T
(1/2)
K¯Ds
7.6 15.0 3.0 + 8.3i 8.2 11.2 + 8.3i 33.7 + 8.3i 1.09(6) + 0.27i
T
(1/2)
ηD 0 9.5 0.5 + 3.0i 0.0 0.5 + 3.0i 9.9 + 3.0i 0.31(1) + 0.09i
T
(0)
ηDs
0 16.4 0.04 + 6.1i 0.0 0.04 + 6.1i 16.4 + 6.1i 0.52(3) + 0.19
T
(1)
KD 0 9.0 −1.5 + 5.5i 0.0 −1.5 + 5.5i 7.5 + 5.5i 0.24(1) + 0.18i
T
(0)
KD 15.2 20.9 9.0 16.4 25.4 61.5 1.96(11)
T
(1/2)
KDs
−7.6 15.0 −4.7 −8.2 −12.9 −5.6 −0.18(1) −0.18(1)†
C. Discussion
In both scenarios, the φBcc scattering lengths are al-
most the same as those for φB∗cc channels. Their dif-
ference only arises from the mass splitting in the loop
diagram, which has been shown to be small. In the most
channels, the two scenarios give the similar results, at
least with the same sign, except the a
(1)
K¯Ξ
(∗)
cc
. The leading
result for the [K¯Ξ
(∗)
cc ](1) channel vanishes. The uncer-
tainty of LECs at the next-to-leading order gives rise to
the different results in two scenarios. This issue can be
clarified if more precise experiment or lattice QCD results
appear.
In our convention, the positive (negative) sign of the
scattering length indicates the interaction for this chan-
nel is attractive (repulsive). One notice that the interac-
tions for [piΞ
(∗)
cc ](1/2), [KΞ
(∗)
cc ](0), [KΩ
(∗)
cc ](1/2), [ηΞ
(∗)
cc ](1/2),
[ηΩ
(∗)
cc ](0) and [K¯Ξ
(∗)
cc ](0) channels are attractive. Bound
states may appear in these channels. The [K¯Ξ
(∗)
cc ](0)
channels are very interesting. The interaction in the two
channels are the most attractive. With the HDA symme-
try, the [K¯Ξ
(∗)
cc ](0) are the partner channels of [KD(∗)](0),
which are associated with the D∗s0(2317) (Ds1(2460)).
The partner state of D∗s0(2317) may appear as a bound
states in the [K¯Ξcc]
(0) channel. The couple channel effect
from the [K¯Ξ∗cc]
(0) may help to form the partner state of
Ds1(2460).
In Ref. [18], the author adopted the chiral unitary ap-
proach for the φBcc system. One bound states below the
[K¯Ξcc]
(0) threshold and two resonant structures in the
[piΞcc]
(1/2), [KΩcc]
(1/2) and [ηΞcc]
(1/2) coupled-channel
scattering were found, which are consistent with our cal-
culation.
In the ChPT, the amplitude is expanded as,
M =M(0)
∑
ν
Å
q
Λχ
ãν
F(gi) (48)
where M(0) is the leading order amplitude. F is a func-
tion of LECs. Thus the convergence of the chiral expan-
sion is based on an implicit assumption that F(gi) is of
order one. This assumption is the so-called naturalness
assumption. In order to judge the naturalness of our
LECs, we define the α as
|T (ν)| = mφ
2F 2φ
Å
mφ
4piFφ
ãν−1
α(ν). (49)
where
mφ
2F 2
φ
is the approximation of the leading order T -
matrices. The LECs we determined in scenario I and
scenario II only contribute to the O(p2) and O(p3) tree
diagrams. We present the α(2) and α
(3)
tree in Table VI.
Most of the αs are of order 1. The αs in scenario II,
are closer to 1 than those in scenario I. Thus the results
in scenario II show better convergence. In the scenario
I, most of the αs are larger than 3. Since mpi4piFφ ≈ 0.12,
thus the channels with pions still have the good conver-
gence. Since mK4piFφ ≈
mη
4piFφ
≈ 0.3, the LECs in scenar-
ios I is not natural enough to ensure the good conver-
gence of the chiral expansion in channels with K and η
mesons. In our calculation, we perform the chiral ex-
pansion to the next-to-next-to leading order. When the
bound state, virtual state or resonance appear, the finite
order chiral expansion will fail. The bad convergence in
9TABLE IV. The T -matrices and scattering lengths of φB
(∗)
cc scattering in scenario I (in units of fm). The LECs are determined
as Eq. (46).
S-I O(p1) O(p2) O(p3) Total Scattering Length
T
(3/2)
piΞcc
−1.61 0.89 −0.61 −1.33 −0.100(2)
T
(1/2)
piΞcc
3.22 0.89 0.59 4.71 0.36(1)
T
(1)
piΩcc
0.00 0.54 −0.56 −0.02 −0.002(1)
T
(1)
KΞcc
−3.81 7.48 −7.18 −3.52 −0.25(1)
T
(0)
KΞcc
3.81 1.52 7.84 13.17 0.92(2)
T
(1/2)
KΩcc
3.81 7.48 5.55 + 4.16i 16.84 + 4.16i 1.18(6) + 0.29i
T
(1/2)
ηΞcc
0.0 4.73 0.23 + 1.51i 4.96 + 1.51i 0.34(1) + 0.10i
T
(0)
ηΩcc
0.0 8.20 0.03 + 3.03i 8.23 + 3.03i 0.57(3) + 0.21i
T
(1)
K¯Ξcc
0.00 4.50 −0.77 + 2.77i 3.73 + 2.77i 0.26(1) + 0.19i
T
(0)
K¯Ξcc
7.62 10.45 12.68 30.75 2.15(11)
T
(1/2)
K¯Ωcc
−3.81 7.48 −6.49 −2.83 −0.20(1)
T
(3/2)
piΞ∗cc
−1.61 0.89 −0.67− 0.01i −1.39− 0.01i −0.11(2)− 0.001i
T
(1/2)
piΞ∗cc
3.22 0.89 0.53− 0.01i 4.65− 0.01i 0.36(1)− 0.001i
T
(1)
piΩ∗cc
0.00 0.54 −0.56 −0.03 −0.002(1)
T
(1)
KΞ∗cc
−3.81 7.48 −7.21− 0.0003i −3.54− 0.0003i −0.25(1)− 2× 10−5i
T
(0)
KΞ∗cc
3.81 1.52 7.94 + 0.001i 13.28 + 0.001i 0.93(2) + 7× 10−5i
T
(1/2)
KΩ∗cc
3.81 7.48 5.58 + 4.16i 16.87 + 4.16i 1.19(6) + 0.29i
T
(1/2)
ηΞ∗cc
0.0 4.73 0.24 + 1.52i 4.96 + 1.52i 0.34(1) + 0.11i
T
(0)
ηΩ∗cc
0.0 8.20 0.003 + 3.03i 8.20 + 3.03i 0.57(3) + 0.21i
T
(1)
K¯Ξ∗cc
0.00 4.50 −0.73 + 2.77i 3.77 + 2.77i 0.27(1) + 0.20i
T
(0)
K¯Ξ∗cc
7.62 10.45 12.58− 0.001i 30.65− 0.001i 2.16(11)− 7× 10−5i
T
(1/2)
K¯Ω∗cc
−3.81 7.48 −6.46 −2.80 −0.20(1)
scenario I might also stem from the presence of these non-
perturbative phenomena. One way to solve the problem
is to unitarize the amplitude to resume the high order
corrections [31, 37].
The HDA symmetry we adopted is an approximation,
which will bring uncertainties to our results for the φB
(∗)
cc
scattering. The validity of the HDA symmetry in the
charm sector was discussed in Ref. [20]. The author
showed that the charm quark is not heavy enough to
justify the pointlike nature of the double heavy diquark
which is necessary for the HDA symmetry. However, the
author also claimed that one can not completely rule out
the possibility that HDA could hold approximately. The
author constructed a phenomenological quark model with
coulombic and confining potential, in which the size of
the heavy diquark is small enough to render the approx-
imate HDA symmetry. In this work, we adopt the HDA
symmetry as an assumption to relate the LECs in the
φB
(∗)
cc scattering to those in the φD¯(∗) scattering. Our
results and predictions also provide a way to test the
HDA symmetry.
V. CONCLUSION
In this work, we adopt the heavy baryon chiral per-
turbation theory (HBChPT) to calculate the scattering
lengths of the φB
(∗)
cc to the O(p3). The analytical ex-
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TABLE V. The T -matrices and scattering lengths of φB
(∗)
cc scattering in scenario II (in units of fm). The LECs are determined
as Eq. (47).
S-II O(p1) O(p2) O(p3) Total Scattering length
T
(3/2)
piΞcc
−1.61 0.22 −0.39 −1.78 −0.13(2)
T
(1/2)
piΞcc
3.22 0.22 0.15 3.59 0.27(2)
T
(1)
piΩcc
0.00 0.03 −0.56 −0.53 −0.04(1)
T
(1)
KΞcc
−3.81 1.84 −0.63 −2.60 −0.18(15)
T
(0)
KΞcc
3.81 −1.32 1.29 3.78 0.26(17)
T
(1/2)
KΩcc
3.81 1.84 −1.00 + 4.16i 4.66 + 4.16i 0.33(16) + 0.29i
T
(1/2)
ηΞcc
0.0 0.50 0.23 + 1.51i 0.73 + 1.51i 0.05(7) + 0.10i
T
(0)
ηΩcc
0.0 2.58 0.03 + 3.03i 2.61 + 3.03i 0.18(13) + 0.21i
T
(1)
K¯Ξcc
0.00 0.26 −0.77 + 2.77i −0.50 + 2.77i −0.03(7) + 0.19i
T
(0)
K¯Ξcc
7.62 3.42 −0.42 10.62 0.74(26)
T
(1/2)
K¯Ωcc
−3.81 1.84 0.06 −1.91 −0.13(16)
T
(3/2)
piΞ∗cc
−1.61 0.22 −0.45− 0.01i −1.84− 0.01i 0.14(2)− 0.001i
T
(1/2)
piΞ∗cc
3.22 0.22 0.09− 0.01i 3.53− 0.01i 0.27(2)− 0.001i
T
(1)
piΩ∗cc
0.00 0.03 −0.56 −0.53 −0.04(1)
T
(1)
KΞ∗cc
−3.81 1.84 −0.66− 0.0003i −2.63− 0.0003i −0.18(15)− 2× 10−5i
T
(0)
KΞ∗cc
3.81 −1.32 1.40 + 0.001i 3.89 + 0.001i 0.27(17) + 7× 10−5i
T
(1/2)
KΩ∗cc
3.81 1.84 −0.97 + 4.16i 4.68 + 4.16i 0.33(16) + 0.29i
T
(1/2)
ηΞ∗cc
0.0 0.50 0.24 + 1.52i 0.74 + 1.52i 0.05(7) + 0.11i
T
(0)
ηΩ∗cc
0.0 2.58 0.003 + 3.03i 2.58 + 3.03i 0.18(13) + 0.21i
T
(1)
K¯Ξ∗cc
0.00 0.26 −0.73 + 2.77i −0.46 + 2.77i −0.03(7) + 0.20i
T
(0)
K¯Ξ∗cc
7.62 3.42 −0.52− 0.001i 10.52− 0.001i 0.74(26)− 7× 10−5i
T
(1/2)
K¯Ω∗cc
−3.81 1.84 0.09 −1.88 −0.13(16)
TABLE VI. The naturalness of the LECs we determined.
[piΞcc]
( 3
2
) [piΞcc]
( 1
2
) [piΩcc]
(1) [KΞcc]
(1) [KΞcc]
(0) [KΩcc]
( 1
2
) [ηΞcc]
( 1
2
) [ηΩcc]
(0) [K¯Ξcc]
(1) [K¯Ξcc]
(0) [K¯Ωcc]
( 1
2
)
S-I
α(2) 4.62 4.62 2.78 4.62 0.94 4.62 3.39 5.22 2.78 0.90 4.62
α
(3)
tree 5.95 11.91 0 5.95 5.95 5.95 0 0 0 5.95 5.95
S-II
α(2) 2.67 2.67 1.63 2.67 0.58 2.67 1.97 3.02 1.63 0.46 2.68
α
(3)
tree 3.56 7.12 0 3.56 3.56 3.56 0 0 0 3.56 3.56
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pressions are presented with the mass splitting between
Bcc and B
∗
cc and the recoil effect. In order to obtain the
numerical results, we use the heavy diquark-antiquark
(HDA) symmetry to relate the B
(∗)
cc to D(∗). With the
HDA symmetry, we construct the Lagrangians with the
help of superfields. We use the LECs of φD(∗) scatter-
ing in Refs. [29] and [30] as two scenarios, respectively.
The LECs of the φD scattering in [29] are obtained by
fitting the lattice QCD results. In the first scenario,
we update the φD scattering lengths with the new lat-
tice QCD input and give the numerical results in dou-
bly charmed sector. In this scenario, the chiral conver-
gence for some channels is not good enough. Two reasons
may account for the convergence. First, the large strange
quark mass will worsen the chiral convergence for chan-
nels with strange particles. Second, the presence of the
bound states, virtual states and resonances may destroy
the convergence of the chiral expansion. In the second
scenario, we use the LECs estimated with resonance sat-
uration model in Ref. [30]. The chiral convergence in this
scenario is quite reasonable.
We calculate the recoil effect and the mass splitting
effect numerically. These two effects are less important.
Our final numerical results of scattering lengths in two
scenarios are consistent with each other. The interactions
for the [piΞ
(∗)
cc ](1/2), [KΞ
(∗)
cc ](0), [KΩ
(∗)
cc ](1/2), [ηΞ
(∗)
cc ](1/2),
[ηΩ
(∗)
cc ](0) and [K¯Ξ
(∗)
cc ](0) channels are attractive. The
bound states might appear in these channels, which can
be searched for in the future experiments. The [K¯Ξ
(∗)
cc ](0)
channel is the most attractive, which may help to form
the partner states of the D∗s0(2317) (Ds1(2460)) in the
doubly heavy sector.
A by-product of this work is our contraction of the
chiral Lagrangians with HDA symmetry. Unlike the
Lagrangians in Ref. [21], we adopt the four compo-
nent spinors in our construction, which ensure the La-
grangians formally covariant. It is very convenient to
extend our approach to other much more complicated
chiral Lagrangians with HDA symmetry.
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Appendix A: Integrals
• Integral with one meson propagator:
∆(m2) = i
∫
ddλ4−d
(2pi)d
1
l2 −m2 + i
= 2m2
Å
L(λ) +
1
32pi2
ln
m2
λ2
ã
, (A1)
with the divergence term:
L(λ) =
λd−4
16pi2
ï
1
d− 4 +
1
2
(γE − 1− ln4pi)
ò
, (A2)
where d is the dimension.
• Integrals with one meson propagator and one baryon propagator:
i
∫
ddl λ4−d
(2pi)d
[1, lα, lαlβ ]
(l2 −m2 + i)(ω + v · l + i) = [J0(m
2, ω), vαJ1(m
2, ω), gαβJ2(m
2, ω) + vαvβJ3(m
2, ω)], (A3)
J0(m
2, ω) =

−ω
8pi2
(1− ln m
2
λ2
) +
√
ω2 −m2
4pi2
(arccosh
ω
m
− ipi) + 4ωL(λ) (ω > m)
−ω
8pi2
(1− ln m
2
λ2
) +
√
m2 − ω2
4pi2
arccos
−ω
m
+ 4ωL(λ) (ω2 < m2)
−ω
8pi2
(1− ln m
2
λ2
)−
√
ω2 −m2
4pi2
arccosh
−ω
m
+ 4ωL(λ) (ω < −m)
, (A4)
J1(m
2, ω) = −ωJ0(m2, ω) + ∆(m2), (A5)
J2(m
2, ω) =
1
d− 1 [(m
2 − ω2)J0(m2, ω) + ω∆(m2)], (A6)
J3(m
2, ω) = −ωJ1(m2, ω)− J2(m2, ω) (A7)
• Integrals with two meson propagators and one baryon propagator:
i
∫
ddl λ4−d
(2pi)d
[1, lα, lαlβ ]
(l2 −m21 + i)(l2 −m22 + i)(ω + v · l + i)
= [Λ0(m
2
1,m
2
2, ω), vαΛ1(m
2
1,m
2
2, ω), gαβΛ2(m
2
1,m
2
2, ω) + vαvβΛ3(m
2
1,m
2
2, ω)], (A8)
Λi(m
2
1,m
2
2, ω) =
1
m21 −m22
[Ji(m
2
1, ω)− Ji(m22, ω)]. (A9)
• Functions used in this work:
V (m2, ω) =
4ω2J0(m
2, ω)
F 4
,
W1(m) = −3g
2
1Λ2(m,m, 0) + 2g
2
3Λ2(m,m,−δ)
4F 4φ
,
W2(m) = −5g
2
2Λ2(m,m, 0) + 3g
2
3Λ2(m,m, δ)
12F 4φ
,
U1 = −3g
2
1Λ2(mη,mpi, 0) + 2g
2
3Λ2(mη,mpi,−δ)
4F 4φ
,
U2 = −5g
2
2Λ2(mη,mpi, 0) + 3g
2
3Λ2(mη,mpi, δ)
12F 4φ
. (A10)
where δ is the mass splitting between Ξcc(Ωcc) and Ξ
∗
cc(Ω
∗
cc). Its value are given in Eq. (44).
Appendix B: Superfield
We extend the formalism of heavy quark symme-
try [38] to the doubly heavy system. The doubly charmed
baryons in the heavy diquark limit can be constructed as
ψµcc ∼ ulAµh, (B1)
where ul is the spinor of the light quark. A
µ
h is the heavy
diquark. The light and heavy component satisfy that
/vul = ul, v ·A = 0. (B2)
We can decompose the superfield into the spin- 32 and
spin- 12 parts.
ψµcc = ψ
µ
3/2 + ψ
µ
1/2, (B3)
The general form of the spin- 32 part can be parameterized
as
ψµ3/2 = ψ
µ + bvµγ · ψcc + cγµγ · ψcc. (B4)
We use the properties of the spin- 32 Rarita-Schwinger vec-
tor spinor ψµ3/2,
/vψ
µ
3/2 = ψ
µ
3/2, vµψ
µ
3/2 = 0, γµψ
µ
3/2 = 0, (B5)
and get
b = c = −1
3
, ψµ1/2 =
1
3
(vµ + γµ)γ · ψcc. (B6)
The ψ1/2 part can be rewritten using a spin-
1
2 spinor ψ˜
ψµ1/2 =
…
1
3
(γµ + vµ)γ5ψ˜, with ψ˜ =
…
1
3
γ5γµψ
µ
1/2,
(B7)
Thus, the superfield and its conjugation read
ψµcc = B∗µ +
…
1
3
(γµ + vµ)γ5B,
ψ¯µcc = B¯∗µ −
…
1
3
B¯γ5(γµ + vµ). (B8)
Under the charge conjugation, the building blocks and
fields transform as
CuC−1 = uT , CΓµC−1 = −ΓTµ , CuµC−1 = uTµ ,
Cχ±C−1 = χT±, CPC−1 = P˜ , CP ∗µC−1 = −P˜ ∗µ .
(B9)
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